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57 ABSTRACT 
A two-stroke cycle gasoline engine including at least 
one two-stroke cycle power cylinder-piston assembly 
adopting uniflow scavenging and incorporating two 
horizontally opposed pistons, and at least one Scaveng 
ing pump cylinder-piston assembly of the reciprocating 
type with or without having crankcase compression, 
wherein the total stroke volume of the scavenging 
pump means is 1.35 to 1.85 times as large as that of the 
power cylinder-piston assembly, and the operational 
phase of the pump cylinder-piston assembly is shifted 
from that of the power cylinder-piston assembly by an 
angle of 180° or a little more. 

7 Claims, 12 Drawing Figures 
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Two-STROKE CYCLE GASOLINE ENGINE 

BACKGROUND OF THE INVENTION 

The present invention relates to a two-stroke cycle 
gasoline engine, and, more particularly, to a two-stroke 
cycle gasoline engine adapted for use with automobiles. 
A two-stroke cycle engine has theoretically the ad 

vantage that an engine of a certain size can generate a 
greater power than a four-stroke cycle engine of a big 
ger size because the two-stroke cycle engine has twice 
as many work cycles per revolution as the four-stroke 
cycle engine. In fact, however, the conventional two 
stroke cycle gasoline engine employing a carburetor has 
such drawbacks that it has high fuel consumption as 15 
compared with the four-stroke cycle engine due to the 
loss of air-fuel mixture caused by the direct escape, i.e. 
blow-out, of scavenging mixture to an exhaust manifold 
during scavenging, and that it cannot generate such a 
high power as expected from the fact that it has twice as 20 
many work strokes as the corresponding four-stroke 
cycle engine, due to the fact that the scavenging is still 
insufficient. Because of these problems, the practical use 
of two-stroke cycle gasoline engines is nowadays lim 
ited to the field of small engines which must be simple in 25 
structure and low in manufacturing cost. 

Conventional two-stroke cycle gasoline engines of 
the abovementioned type, therefore, generally employ 
crankcase compression for scavenging. However, the 
scavenging by crankcase compression is not fully effec- 30 
tive and can only provide a relatively low volumetric 
efficiency. This is the principal cause of the poor output 
power of conventional two-stroke cycle gasoline en 
gines. In fact, a volumetric efficiency as high as 80% is 
available in four-stroke cycle engines, while on the 35 
other hand the volumetric efficiency of typical two 
stroke cycle engines is still as low as 40-50%. The pump 
stroke volume of crankcase compression is equal to the 
stroke volume of the engine. However, since the crank 
case has a relatively large clearance volume, the com- 40 
pression ratio of crankcase compression is relatively 
low, so that as a result the amount of air-fuel mixture 
drawn to the crankcase is small, the amount of delivered 
mixture is small, the delivery pressure is low and hence 
the scavenging pressure is low, and consequently it is 45 
hard to supply a really adequate amount of scavenging 
mixture into the power cylinder. As a result, the deliv 
ery ratio obtained in an engine wherein scavenging is 
effected only by the normal crankcase compression is 
only as high as 0.5-0.8. Since further the trapping effi- 50 
ciency is about 0.7, the volumetric efficiency becomes 
as low as 40-50% as mentioned above. 
The purpose of scavenging is to push the residual 

exhaust gases in the power cylinder out of it by fresh 
mixture, and therefore if the pressure of the residual 55 
exhaust gases and the distance between the scavenging 
port and the exhaust port are given, the time required 
for completing scavenging is determined, provided that 
stratified scavenging is performed. Now, if the scaveng 
ing pressure is low, as when crankcase compression is 60 
used, a relatively long time is required for completing 
Scavenging, particularly when the scavenging is per 
formed by uniflow scavenging, and therefore, when the 
engine is rotating at high speed, it may well occur that 
the exhaust port is closed before the scavenging is com- 65 
pleted so that a large amount of exhaust gases still re 
mains in the power cylinder, and thereby only a very 
Small amount of fresh mixture is charged into the power 

O 

2 
cylinder. Therefore, conventional two-stroke cycle 
engines have been unable to operate satisfactorily in the 
high speed range. 

Therefore, it is an object of the present invention to 
provide a two-stroke cycle gasoline engine which pro 
duces a substantially higher power output per unit vol 
ume of the engine displacement when compared with 
the conventional two-stroke cycle gasoline engine by 
incorporating a special scavenging pump means in the 
engine in addition to or, alternatively, without depend 
ing upon the crankcase compression, thereby substan 
tially increasing both the amount and the pressure of 
scavenging mixture so that the volumetric efficiency is 
increased up to 75-90% or in some cases exceeds 100%. 
Another object of the present invention is to reduce 

the clearance volume of the scavenging means by em 
ploying a separate pump means other than the crank 
case compression, thereby increasing the scavenging 
pressure so that the time required for scavenging is so 
shortened that the scavenging efficiency is increased up 
to 80-90% and that a high power operation of a two 
stroke cycle gasoline engine is ensured even in a rela 
tively high speed operational range. 
However, it is to be noted that the relatively high 

speed operational region contemplated in the present 
invention means such an operational region in which 
the conventional, particularly the uniflow scavenging 
type, two-stroke cycle gasoline engine is unable to oper 
ate with sufficient output power, due to insufficient 
scavenging at high rotational speed. In fact, the afore 
mentioned relatively high speed rotational region is 
located in a lower speed region than the high rotational 
speed region of the conventional automobile four 
stroke cycle gasoline engines, as explained below. 
Therefore, it is still another object of the present inven 
tion to provide a two-stroke cycle gasoline engine 
which can operate in such a lower speed operational 
region so as to generate sufficient output power. Con 
ventionally, a relatively small-sized four-stroke cycle 
engine for automobiles is designed so as to be operated 
at relatively high rotational speed so that relatively high 
power output is available from a relatively small size 
engine. In this connection, it is noted that, for example, 
in the case of an engine which has a two liter piston 
displacement and produces 92 PS of brake horsepower 
at 5000 rpm, a very large proportion of the power, such 
as 52 PS out of the indicated horsepower of 144 PS, is 
consumed by internal friction losses in the engine. The 
ratio of the internal friction loss to the output power of 
the engine is substantially reduced by lowering the 
rotational speed of the engine. In view of this, still an 
other object of the present invention is to utilize the 
advantage that the two-stroke cycle engine has twice as 
many work strokes as the four-stroke cycle engine by 
increasing the volumetric efficiency of the power cylin 
der, and to provide an engine which produces a high 
effective power output per unit stroke volume of the 
engine without increasing the rotational speed to such a 
high range as in conventional relatively small four 
stroke cycle automobile engines. The maximum rota 
tional speed of the engine contemplated in the present 
invention is 3800 rpm at the highest. 
Methods of scavenging in two-stroke cycle engines 

are conventionally known as cross scavenging, loop 
scavenging, and uniflow scavenging. In this connection 
and in connection with the aforementioned high pres 
sure scavenging contemplated in the present invention, 
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if the scavenging pressure is increased in cross or in 
loop scavenging, the flow of scavenging mixture is 
liable to penetrate through the layer of exhaust gases 
existing in the power cylinder in a short-cutting manner, 
and also scavenging mixture and exhaust gases may be 
mixed with each other, thereby not only causing poor 
scavenging but also increasing the above explained 
blow-out loss of mixture, thus lowering the volumetric 
efficiency. On the other hand, it has been experimen 
tally confirmed that when uniflow scavenging is en 
ployed, it is possible to push the exhaust gases existing in 
the power cylinder uniformly out of it by the scaveng 
ing mixture at high pressure without causing any detri 
mental mixing between the scavenging mixture and the 

10 

exhaust gases, and that in this case if the amount of 15 
scavenging mixture is increased so as to be necessary 
and sufficient, scavenging at high scavenging efficiency 
is accomplished and, as a result, the volumetric effi 
ciency increases, resulting in corresponding increase of 
engine output power. 

Therefore, it is still another object of the present 
invention to provide a two-stroke cycle gasoline engine 
in which high pressure scavenging and uniflow scav 
enging are combinedly incorporated. 

In order to accomplish the aforementioned various 
objects and features of the present invention, the pres 
ent invention proposes, as one of its principal features, 
to incorporate, in a two-stroke cycle engine having at 
least one two-stroke cycle power cylinder-piston assem 
bly, a scavenging pump means having a total stroke 
volume of between 1.35 and 1.85 times as much as that 
of the power cylinder-piston assembly. Such a scaveng 
ing pump means may include a pump mechanism de 
pending upon the crankcase compression. In this case, 
since the stroke volume of the crankcase compression 
pump mechanism is equal to that of the power cylinder 
piston assembly, an independent pump mechanism is 
required to have a total stroke volume of between 0.35 
and 0.85 times as much as that of the power cylinder 
piston assembly. In this connection, for a fixed stroke 
volume of the scavenging pump means, the scavenging 
pressure effected by the scavenging pump means 
changes as the clearance volume of the pumping cham 
ber changes. Particularly the crankcase inevitably has a 
relatively large clearance volume, and therefore in con 
ventional crankcase compression normally scavenging 
pressure of only about 0.3 atm (gauge pressure) is avail 
able. However, in some engines of improved designs, 
scavenging pressure of about 0.45 atm is available. By 
contrast, the present invention contemplates to increase 
the scavenging pressure at the starting of scavenging in 
high speed operation of the engine up to about 0.6 atm. 
The pressure of the residual exhaust gases in the power 
cylinder after the unaided exhaustion of exhaust gases is 
about 0.2 atm, and by employing scavenging pressure of 
the order of 0.6 atm the scavenging of the power cylin 
der is rapidly accomplished. When the crankcase com 
pression is combined with an independent scavenging 
pump, the clearance volume of the crankcase affects the 
amount and the pressure of scavenging mixture. When 
the clearance volume of the crankcase is small, the 
stroke volume of the independent scavenging pump 
may be small, while on the other hand when the clear 
ance volume of the crankcase is large, the stroke vol 
ume of the independent scavenging pump must be in 
creased. When the scavenging pump means does not 
incorporate crankcase compression and is completely 
dependent upon an independent scavenging pump, 
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4. 
since the clearance volume of the independent scaveng 
ing pump is generally small, the adjustment between the 
amount and the pressure of scavenging mixture may be 
made by a mixture tank connected to the delivery port 
of the scavenging pump. For example, if it is assumed 
that the delivery amount of a scavenging pump is 70% 
of its stroke volume, that crankcase compression is not 
incorporated and that the pump has a stroke volume of 
1.85 times as much as the engine stroke volume, then the 
delivery amount of the pump is 1.3 times as much as the 
engine stroke volume. However, the mixture dis 
charged from the pump is partly trapped in the mixture 
tank or passages, and all of the mixture delivered from 
the pump is not effectively used for scavenging. There 
fore, it must be noted that even when the ratio of pump 
stroke volume to engine stroke volume is the maximum, 
i.e. 1.85, the delivery ratio is of the order of 1.3 or less. 
However, in accordance with the present invention, the 
delivery ratio is substantially larger than that available 
by conventional crankcase compression, which is of the 
order of 0.5-0.8. 

Even when crankcase compression is employed in 
accordance with the present invention, it is desirable 
that the crankcase clearance volume is made as small as 
possible. Normally the crankcase clearance volume is 
2-3 Vs, wherein Vs is engine stroke volume, and there 
fore the compression ratio is 1.5-1.3. However, if spe 
cial designs such as involving filling up the back of the 
piston are incorporated, the clearance volume can be 
reduced to the order of 1.3 Vs, so that the compression 
ratio is 1.75. Therefore, when crankcase compression is 
combined with an independent scavenging pump of the 
minimum volume (0.35 Vs), if it is assumed that the total 
clearance volume is, for example, 2 Vs, a compression 
ratio of the order of 1.6 is available, i.e. 
(2+ 1.35)/2= 1.675. Furthermore, if the delivery ratio 
available by crankcase compression only is 0.8, the 
delivery ratio is increased up to the order of 1.0, i.e. if 
the ratio of the delivery amount of the 0.35 Vs indepen 
dent pump to the stroke volume thereof is 70%, 0.35 
Vs)x0.7=0.245 Vs, and this scavenging mixture having 
the volume of 0.245 Vs in the atmospheric condition is 
added to the amount of scavenging mixture obtained by 
the crankcase compression only. When crankcase con 
pression is not combined with the independent scaveng 
ing pump of the present invention, the amount and the 
pressure of scavenging mixture are more freely de 
signed than in the case of incorporating the crankcase 
compression, by adjusting the volume of a mixture tank 
and of scavenging passages. 
The aforementioned condition with regard to the 

total stroke volume of the scavenging pump means, i.e. 
the ratio of between 1.35-1.85 of the total stroke volume 
of the scavenging means to that of the power cylinder 
piston assembly, has been obtained from the above 
explained considerations and experimental researches 
based upon those considerations. If the total stroke 
volume of the scavenging pump exceeds 1.85 times the 
total stroke volume of the power cylinder, even when 
the volumetric efficiency of the pump and the ineffec 
tive part of the delivered mixture which is trapped in 
the crankcase, in a mixture tank and in passages are 
taken into consideration, and even when uniflow scav 
enging is employed, the delivery ratio becomes so high 
that the blow-out of the mixture to the exhaust manifold 
increases up to an undesirable extent. On the other 
hand, the value of 1.35 for the ratio of the total stroke 
volume of the pump to the total stroke volume of the 
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power cylinder is, in consideration of the volumetric 
efficiency of the pump and the ineffective part of the 
mixture delivered from the pump, the lower limit allow 
able for accomplishing the object of the present inven 
tion which is to obtain a high scavenging efficiency by 
uniflow scavenging coupled with high flow and pres 
sure of scavenging mixture obtained by the combination 
of the crankcase compression having a relatively small 
clearance volume and an independent scavenging 
pump. When crankcase compression is not combined, 
the flow and the pressure of scavenging mixture re 
quired for accomplishing the objects of the present 
invention can be more freely determined within the 
range between the aforementioned upper and lower 
limits when compared with the case of combining 
crankcase compression. 

Furthermore, currently there exists a great demand 
for the development of cars which have low fuel con 
sumption, in view of energy saving. Furthermore, cars 
must satisfy a high standard with regard to the preven 
tion of air pollution. In order to improve fuel consump 
tion, not only the improvement of the fuel consumption 
of the engine itself but also the reduction of the weight 
and the air resistance of the vehicle are required. We 
noted, in connection with various running tests carried 
out to prepare for the qualification tests for conforming 
to the standards for the prevention of air pollution 
which are becoming more severe nowadays, that fuel 
consumption is different in summer and in winter due to 
the difference of atmospheric air density, and we more 
keenly recognized that the air resistance of the vehicle 
has an important effect on the fuel consumption of the 
vehicle even in low speed running. In order to lower 
the air resistance of the vehicle it is important to reduce 
the height of the vehicle as much as possible and to form 
the external shape of the vehicle in a streamlined shape. 
Particularly it is very effective to lower the engine 
hood. In order to reduce the height of the vehicle it is 
effective to eliminate the drive shaft for driving the rear 
wheels so that the shaft tunnel is eliminated and a flat 
floor is available, over the entire floor area, thereby 
constructing a vehicle body having a low floor and a 
low roof. A method for accomplishing this is to employ 
the FF system, i.e. the front engine-front drive system. 
In order to lower the engine hood by a large amount in 
an automobile of FF system while ensuring necessary 
leg room for the driver and the front seat passenger, it 
is necessary to reduce substantially the height and 
length of the engine compartment. Furthermore, in 
order to reduce the air resistance of the vehicle, it goes 
without saying that the frontal area of the vehicle must 
be reduced. Therefore, the width of the vehicle should 
be minimized. Furthermore, since the transmission, 
differential gears, and other driving mechanisms must 
be housed in the engine compartment together with the 
engine, in the FF system, the space allowed for the 
engine is much reduced. Light trucks are often designed 
with the engine mounted under the driver's seat, and in 
Such a design the engine, being relatively long, often 
extends so far backward as to make a hump of the en 
gine enclosure rearward of the cabin, thus shortening 
the deck. 

It is therefore still another object of the present inven 
tion to deal with the aforementioned problems and 
requirements and to provide a small size gasoline engine 
having a low height, a small length and not a very large 
width yet being capable of generating high power. 
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6 
As uniflow scavenging engines are known an engine 

having horizontally opposed pistons, an engine having 
an exhaust poppet valve, etc. In order to accomplish the 
aforementioned objects of the present invention, we 
now consider an engine having horizontally opposed 
pistons. That is, it is found that an engine having a 
power cylinder-piston assembly employing horizontally 
opposed pistons is particularly advantageous. 

Therefore, in order to accomplish the aforemen 
tioned object, the present invention proposes to employ 
at least one two-stroke cycle power cylinder-piston 
assembly incorporating uniflow scavenging and two 
horizontally opposed pistons as the power cylinder-pis 
ton assembly of the engine. By combining such a power 
cylinder-piston assembly with the aforementioned con 
cept of high flow and pressure of scavenging mixture, it 
is possible to charge the power cylinder with fresh 
mixture with high volumetric efficiency without caus 
ing substantial blow-out of scavenging mixture to the 
exhaust manifold, and because of this it is possible to 
obtain an engine of reduced height and length having 
the high power generating ability even at a relatively 
low rotational speed, when compared with a conven 
tional four-stroke cycle engine. Furthermore, in con 
trast to the emission performance of the conventional 
two-stroke cycle gasoline engine, which shows high 
concentration levels of HC in the exhaust gases, such as 
5-10 times as high as those of the conventional four 
stroke cycle gasoline engine, the engine of the present 
invention is able, due to substantial avoidance of blow 
out of scavenging mixture to the exhaust manifold, to 
keep HC concentration in the exhaust gases at a suffi 
ciently low level. 

In connection with the aforementioned concept of 
employing at least one two-stroke cycle power cylin 
der-piston assembly incorporating uniflow scavenging 
and two horizontally opposed pistons as the power 
cylinder-piston means of the engine, the present inven 
tion further proposes to employ at least one pump cylin 
der-piston assembly of the reciprocating type as the 
Scavenging pump means. By employing such a pump 
cylinder-piston assembly it is possible to secure the 
necessary amount and pressure of scavenging mixture 
even in low speed operation and it is also possible to 
construct the scavenging pump with a simpler and less 
expensive structure. When compared with this, if a 
rotary pump is employed, scavenging pressure is con 
stantly applied to the scavenging port even during the 
non-scavenging period, whereby it happens that scav 
enging mixture leaks through the clearance between the 
power cylinder and the piston, thereby increasing the 
pumping loss. Furthermore, if the rotary pump is a 
centrifugal pump, although its structure is simple, there 
is the problem that the flow of scavenging mixture is 
insufficient in starting and low speed operations. In 
contrast to the rotary pump, the reciprocating pump is 
readily adapted with a proper phase difference to be 
synchronized with the power cylinder-piston assembly, 
so that the required scavenging pressure is generated 
only when the power cylinder-piston assembly is to be 
scavenged. In this connection, furthermore, if a pump 
cylinder-piston assembly incorporating horizontally 
opposed pistons is employed as a reciprocating pump in 
combination with the aforementioned two-stroke cycle 
power cylinder-piston assembly incorporating uniflow 
scavenging and horizontally opposed pistons, another 
advantage is obtained in that more desirable harmony 
between the dimensions of the power cylinder-piston 
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assembly and of the pump cylinder-piston assembly is 
available, 

In more detail, a two-stroke cycle power cylinder 
piston assembly incorporating uniflow scavenging and 
horizontally opposed pistons. has a volume to be scav- 5 
enged slightly more that twice as much as the stroke of 
the individual pistons. Therefore, if the power cylinder 
must be scavenged by a scavenging pump having a 
single piston, either the diameter of the pump cylin 
deror the stroke of the pump piston must be relatively 10 
large. In either case, in view of the fact that the total 
stroke volume of the scavenging pump means is to be 
1.35-1.85 times as large as the total stroke volume of the 
power cylinder-piston assembly, particularly when 
crankcase compression is not employed, it is appre- 15 
hended that either the width or the length of the scav 
enging pump means may become too large compared 
with those of the power cylinder-piston assembly. 
However, if the scavenging pump means is provided as 
a pump cylinder-piston assembly having horizontally 20 
opposed pistons, it is possible to maintain both the diam 
eter of the pump cylinderand the stroke of the pump 
piston within reasonable values so as to provide desir 
able harmony with the power cylinder-piston assembly. 
When such a pump cylinder-piston assembly is arranged 25 
horizontally side by side with a power cylinderpiston 
assembly of the same type having horizontally opposed 
pistons, the engine presents a compact overall configu 
ration like a horizontally flat block, rectangular in a 
plan view. 30 
An engine for a small size or light automobile will 

comprise, at the most, one or two two-stroke cycle 
power cylinder-piston assemblies of the aforementioned 
type incorporating uniflow scavenging and horizontally 
opposed pistons. In this case the balancing of the scav- 35 
enging pump is important. Even when an independent 
scavenging pump is relatively small due to use of crank 
case compression, if one power cylinder-piston assem 
bly incorporating uniflow scavenging and horizontally 
opposed pistons is served by a single cylinder-single 40 
piston scavenging pump, the pump piston will become 
relatively large, requiring a relatively large counter 
weight, resulting in a relatively large crankcase, yet 
perfect balancing of reciprocating masses will not be 
attained. In this respect, if the pump is a cylinder-piston 45 
assembly having horizontally opposed pistons, the iner 
tia forces of the reciprocating masses related to individ 
ual opposed pistons are perfectly balanced, whereby the 
crankcases for individual pistons are substantially re 
duced in size together with reduction of the height and 50 
length of the engine, thereby providing a compact two 
stroke cycle engine of the horizontally opposed piston 
type less prone to vibration. 
However, the differences of engine volume and of 

dynamic balance between a single piston scavenging 55 
pump and an opposed piston scavenging pump will 
become less important as the engine becomes smaller, 
while on the other hand, if the engine becomes smaller, 
the difference in manufacturing cost, which is governed 
by structural complexity, will become more important. 60 
Therefore, it must be individually examined according 
to various conditions which of the two factors should 
have priority over the other. 
When a pump cylinder-piston assembly having hori 

Zontally opposed pistons is employed as the scavenging 65 
pump means, the reciprocating inertia forces in the 
pump means are well balanced, and this, in combination 
with a power cylinder-piston assembly of the same 

8 
horizontally opposed piston type in which the recipro 
cating inertia forces are also well balanced, can provide 
a well balanced, less prone to vibration, and quiet en 
glne, 
With respect to a pair of crankshafts of the power and 

pump cylinder-piston assemblies of the horizontally 
opposed piston type, if they are rotated in opposite 
directions, moments produced by forces perpendicular 
to the crankshafts are also balanced. However, this 
requires incorporating a rotation reversing mechanism 
including an idle gear between the two crankshafts, and 
therefore increases manufacturing cost. Therefore, as an 
embodiment of the present invention, it is proposed to 
drivingly connect a pair of crankshafts of the power and 
pump cylinder-piston assemblies of the horizontally 
opposed piston type simply by an endless chain so that 
the two crankshafts rotate in the same direction. In this 
regard, it is a matter of choice between pursuing quiet 
ness of vibration in engine operation and pursuing re 
duction of cost to select the system of mutual counter 
rotation of a pair of crankshafts or to select the system 
of rotation in the same direction of a pair of crankshafts, 
and this is, in any event, a matter of design with regard 
to the engine of the present invention. 
When the two-stroke cycle gasoline engine of the 

present invention comprises, for example, two two 
stroke cycle power cylinder-piston assemblies, and if 
the crankcases of these power cylinder-piston assem 
blies are not utilized for crankcase compression of scav 
enging mixture, the scavenging pump means to serve 
for the two power cylinder-piston assemblies must have 
a relatively large capacity. Therefore, even when the 
scavenging pump is constructed as a pump cylinder-pis 
ton assembly having horizontally opposed pistons, a 
single acting pump cylinder-piston assembly of the hori 
zontally opposed piston type will not be sufficient to 
supply the necessary flow of scavenging mixture. Fur 
thermore, when two power cylinder-piston assemblies 
are combined to operate with phase difference of 180 
therebetween, another difficulty is encountered with 
regard to the matching of the operational phase of the 
scavenging pump to that of the power cylinder-piston 
assemblies. In view of these problems, the present in 
vention further proposes to employ a double acting 
pump cylinder-piston assembly having horizontally 
opposed pistons so as to make the two actions of the 
pump pistons serve for the scavenging of the first and 
second power cylinder-piston assemblies, respectively. 
By this arrangement, it is possible to supply scavenging 
mixture to two power cylinder-piston assemblies by 
using one pump cylinder-piston assembly while main 
taining harmony between the dimensions of the power 
cylinder-piston assemblies and of the pump cylinder-pis 
ton assembly, and thus an engine having high power 
output relative to its volume is obtained. 

It is not indispensable that the power cylinder-piston 
assembly of the uniflow scavenging and horizontally 
opposed piston type and the pump cylinder-piston as 
sembly incorporated in combination in the engine of the 
present invention should be synchronized with each 
other with a strict 180° phase difference therebetween 
in a manner such that when the power piston is in its 
bottom dead center, the pump piston is in its top dead 
center. On the contrary, it is possible to obtain a more 
desirable effect by modifying the phase difference be 
tween the power and pump pistons slightly from 180. 
In more detail, by shifting the phase of the pump piston 
relative to the power piston so that, when the power 
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piston is in its bottom dead center, the pump piston is 
slightly before its top dead center, by, for example, 
about 15, i.e. by retarding the phase of the pump piston 
slightly more than 180’ from the power piston, the 
performance of scavenging in the scavenging period in 
which the power piston has passed its bottom dead 
center can be somewhat improved. 

In the present description, the top dead center (TDC) 
of the pump piston means the dead center of the pump 
piston at the end of pump compression stroke. As a 
conventional technique for supplementing insufficiency 
of scavenging by the crankcase compression, it has been 
proposed to employ a stepped piston. In this case, how 
ever, due to incorporation of a scavenging pump cylin 
derbetween the power cylinderand the crankcase, the 
length of the cylinder-piston assembly is substantially 
increased, and the weight of the piston is also increased, 
thereby causing, as a matter of course, weight increase 
of the connecting rod and of the crank arm, thereby 
increasing the weight of the counterweight, which 
causes a size increase of the crankcase. Therefore, a 
power cylinder-piston assembly incorporating uniflow 
scavenging and horizontally opposed stepped pistons 
will have an abnormally large width when it is used as 
an automobile engine and will not be suitable for being 
mounted in the engine compartment of a small size or 
light automobile. Further, in the present description the 
total stroke volume of the engine or of the power cylin 
der-piston assembly means the sum of the total volumes 
displaced by the power pistons while they move from 
their bottom dead center (BDC) to their top dead center 
(TDC). Therefore, the effective stroke volume, which 
is the sum of the volumes displaced by the power pis 
tons when they move from the point where the exhaust 
ports are just closed by the power piston to their TDC, 
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O 
BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully under 
stood from the detailed description given hereinbelow 
and the accompanying drawings which are given by 
way of illustration only, and thus are not limitative of 
the present invention, and wherein: 

FIG. 1 is a diagrammatical plan sectional view show 
ing a first embodiment of the two-stroke cycle gasoline 
engine of the present invention; 

FIGS. 2 and 3 are sectional views along lines II-II 
and III-III in FIG. 1, respectively; 
FIG. 4 is a crank angle diagram showing the phases 

of opening and closing of the scavenging port and the 
exhaust port of the engine shown as the first embodi 
ment of the present invention; 
FIG. 5 is an indicator diagram showing the crankcase 

pressure of the engine shown as the first embodiment of 
the present invention; 
FIG. 6 is a diagrammatical plan sectional view similar 

to FIG. 1 showing a second embodiment of the present 
invention; 

FIG. 7 is a sectional view along line VII-VII in 
FIG. 6; 
FIG. 8 is a diagram showing the relation between the 

pressure in the mixture tank and the stroke of the power 
piston in the second embodiment; 

FIG. 9 is a diagrammatical plan view similar to 
FIGS. 1 and 6, showing a third embodiment of the 
present invention; 
FIG. 10 is a sectional view along line X-X in FIG. 

9; and 
FIGS. 11 and 12 are diagrammatical plan views simi 

lar to FIG. 1, showing a fourth and a fifth embodiment 
35 

is smaller than the total stroke volume. When two or 
more power cylinder-piston assemblies are included in 
the engine, the total stroke volume of the engine is the 
value which is obtained by multiplying the number of 40 
the power cylinder-piston assemblies by the above 
defined total stroke volume of each power cylinder-pis 
ton assembly. The total stroke volume of the pump 
means the sum of the volumes displaced by the pump 
pistons while it moves from BDC to TDC during its 
compression stroke. 

SUMMARY OF THE INVENTION 
In view of the various problems with regard to the 

conventional art and of the various objects and features 
of the present invention discussed above, in summary 
the present invention proposes a two-stroke cycle gaso 
line engine comprising at least one two-stroke cycle 
power cylinder-piston assembly incorporating uniflow 
Scavenging and two horizontally opposed pistons, and a 
Scavenging pump means including at least one pump 
cylinder-piston assembly of the reciprocating type 
driven by said power cylinder-piston assembly in syn 
chronization therewith, wherein the total stroke volume 
of said scavenging pump means is between 1.35 and 1.85 
times as large as that of said power cylinder-piston 
assembly and the operational phase of a pump cylinder 
piston assembly is so shifted relative to that of the 
power cylinder-piston assembly to which it supplies 
Scavenging mixture that, when the power cylinder-pis 
ton assembly is at its bottom dead center, the pump 
cylinder-piston assembly is at or slightly before its top 
dead center. 
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of the present invention, respectively. Sectional views 
along line II-ii of FIGS. 11 and 12 are the same as that 
shown in FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to FIGS. 1-3, showing the first em 
bodiment of the present invention, the two-stroke cycle 
gasoline engine herein shown comprises a cylinder 
block 10, the overall shape of which is like a relatively 
flat block, rectangular in a plan view, and adapted to be 
installed with its two largest facets arranged horizon 
tally. In the cylinderblock there are provided a pair of 
crankshafts 12 and 14 which are arranged along the 
opposite edges of the cylinderblock and are rotatably 
supported by bearings 10a–10c and 10d.-10?, respec 
tively. In this embodiment, for example, the crankshaft 
12 may be connected to auxiliaries of the engine, while 
on the other hand the crankshaft 14 may serve as the 
power output shaft of the engine. In the cylinderblock 
10 there are incorporated a power cylinder-piston as 
sembly 100 and a scavenging pump means 300, which is 
in this embodiment an independent pump cylinder-pis 
ton assembly having horizontally opposed pistons. 

First, the power cylinder-piston assembly 100 will be 
described. The assembly includes a power cylinder 102 
supported by the cylinderblock 10. The power cylinder 
is surrounded by a cooling jacket 106 defined by a 
jacket wall 104. In the cylinder102 are arranged two 
power pistons 108 and 110, one being located on the 
scavenging side or the left side in the figure while the 
other is located on the exhaust side or the right side in 
the figure. The pistons 108 and 110 are individually 
connected with connecting rods 112 and 114, which in 
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turn are individually connected with crankpins 116 and 
118, respectively. The crankpins 116 and 118 are indi 
vidually supported by crank arms 120 and 122, each of 
which has a disk shape. The two crank mechanisms 
each including the disk-shaped crank arms and the 
crank pin are individually housed in crankcases 124 and 
126 having a corresponding internal shape so that re 
gardless of rotational angle of the crank the principal 
internal space of each crankcase is occupied by the 
crank means so as to reduce the clearance volume of the 
crankcase of the minimum value. 
The cylinder102 has a plurality of scavenging ports 

128 in its scavenging side and a plurality of exhaust 
ports 130 in its exhaust side. These scavenging ports and 
exhaust ports are connected with a scavenging plenum 
132 and an exhaust plenum 134, respectively. The ex 
haust plenum 134 is connected with exhaust pipes 136. 
As shown in FIG. 3, the scavenging ports 128 are com 
posed of two groups of scavenging ports, wherein the 
first group of scavenging ports 128a open along axes 
tangential to a first phantom cylinderC1 coaxial with 
the cylinder102 and having a relatively small diameter, 
while on the other hand the second group of scavenging 
ports 128b open along axes tangential to a second phan 
tom cylinderC2 coaxial with the cylinder102 and hav 
ing a relatively larger diameter than said first phantom 
cylinder. Furthermore, the scavenging ports 128a and 
128b are inclined toward the exhaust side of the cylin 
derso that the flows of scavenging mixture discharged 
from these scavenging ports have a velocity component 
toward the exhaust ports 130. The phases of opening 
and closing of the scavenging ports 128 and the exhaust 
ports 130 are determined as shown in FIG. 4. Thus 
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scavenging mixture discharged from these scavenging 
ports 128a and 128b flows through the cylinder102 
toward the exhaust side by forming a spiral flow. The 
scavenging plenum 132 is connected with the crank 
cases 124 and 126 by way of passages 138 and 140, 
respectively. In the joining portion of the scavenging 
plenum 132 and the passages 138 and 140 is provided a 
reed valve 142 which allows fluid to flow only from the 
passages toward the scavenging plenum so that blow 
back of combustion gases from the power cylinderis 
prevented. The reed valve may be omitted if there is no 
danger of causing such blowback. 

Next, the pump 300 will be described. The pump 
includes a pump cylinder302 supported by the cylinder 
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block 10. The pump cylinder302 is surrounded by a . 
cooling jacket 306 defined by a jacket wall 304. This 
cooling jacket serves to remove the compression heat of 50 
mixture generated in the pump 300 so as to increase the 
volumetric efficiency of the pump, while further when 
the engine is operated in cold weather, it serves to warm 
the pump cylinderso as to expedite atomization of the 
gasoline. For these purposes, the cooling jacket 306 is 
connected with the cooling jacket 106 of the power 
cylinderby a passage means not shown in the figure. In 
the pump cylinder302 are provided a pair of pump pis 
tons 308 and 310 opposed to each other. The pistons 308 
and 310 are individually connected with connecting 
rods 312 and 314, which in turn are individually con 
nected with crankpins 316 and 318. The crankpins 316 
and 318 are individually supported by crank arms 320 
and 322 which, in the shown embodiment, are individu 
ally formed as cantilever type crank arms for the pur 
pose of reducing the weight of the engine. The crank 
mechanisms composed of the connecting rods, crank 
pins, and crank arms are individually housed in crank 
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12 
cases 324 and 326 which are connected with the internal 
space of an air cleaner (not shown in the figure) by 
positive crankcase ventilation valves (also not shown in 
the figure). 
The crankshafts 12 and 14 are drivingly connected 

with each other by way of sprocket wheels 16 and 18 
individually mounted on said two crankshafts and an 
endless chain 20 engaged around the sprocket wheels so 
that the two crankshafts rotate in the same rotational 
direction at the same rotational speed. The phase rela 
tion between the two crankshafts is so determined that 
the crankpins 116 and 118 individually related to the 
power pistons 108 and 110 are shifted from each other 
by 180°. Depending upon such a phase relation between 
the crankshafts 12 and 14, the phase relation betweeen 
the crankpins 316 and 318 individually related to the 
pump pistons 308 and 310 is so determined that the 
crankpins are shifted from each other by 180°. Further 
more, the phase relation between the crankpin 116 re 
lated to the power piston 108 and the crankpin 316 
related to the pump piston 308 and the phase relation 
between the crankpin 118 related to the power piston 
110 and the crankpin 318 related to the pump piston 310 
are determined so as to incorporate a phase difference 
therein which is 180 or approximately 180°. However, 
as explained in detail below, in some cases it is more 
desirable to design this phase difference in a manner 
such that, when the power piston is at its bottom dead 
center, the pump piston is slightly before its top dead 
center. The extent of this retardation of the pump piston 
relative to the power piston is up to about 15, in consid 
eration of interference which will be caused by the 
phase difference between compression and intake per 
formed by the pump 300 and the crankcases 124 and 
126. By retarding the top dead center of the pump pis 
tons 308 and 310 relative to the bottom dead center of 
the power pistons 108 and 110 in the aforementioned 
manner, the scavenging period after the power pistons 
have passed the bottom dead center, which is not effec 
tively utilized when such a retardation is not provided, 
can be effectively utilized for continued scavenging. 
40 designates a carburetor which includes a venturi 

portion 42, a main fuel nozzle 44 which opens to the 
throat portin of the venturi portion, and a throttle valve 
46, and takes in air from its air inlet port located upward 
in the figure and produces fuel-air mixture in the usual 
manner. The mixture output port of the carburetor 40 is 
connected with an inlet port 328 of the pump 300 by 
way of a passage 48 and is also connected with inlet 
ports 144 and 146 of the crankcases 124 and 136 by way 
of passages 50 and 52, respectively. In the port 328 is 
provided a reed valve 330 which allows fluid to flow 
only towards the pump chamber. Similarly, in ports 144 
and 146 are provided reed valves 148 and 150, respec 
tively, each allowing fluid to flow toward its crankcase. 
An outlet port 332 of the pump 300 is connected with 
the crankcases 124 and 126 by way of a common pas 
sage 334 and branch passages 152 and 154, respectively. 
In the port 332 or at the middle portion of the passage 
334 is provided a reed valve 336 which allows fluid to 
flow only toward the crankcases. 
Although in FIG. 1 the carburetor 40, passages 50 

and 52, ports. 144 and 146, passages 344, 152, and 154, 
and passages 138 and 140 are shown as developed in a 
plan view, for the convenience of illustration, in the 
actual engine it is desirable that these means or struc 
tures should be three-dimensionally constructed in the 
following manner. With respect to the passages 138 and 
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140, it is desirable that these passages open individually 
between a pair of crank arms 120 and 122 so that th flow 
of mixture introduced into the crankcase is not ob 
structed by the crank arm 120 or 122 and the piston 108 
or 110. When the engine is in the cold state, liquid fuel 
accumulates in the bottom of the crankcase. Therefore, 
it is desirable that the passages 138 and 140 should open 
to the bottoms of the crankcases so that they can readily 
take out the accumulated fuel. It is also desirable that 
the ports 144 and 146 should open between the pair of 
crank arms 120 and 122 so that the flow of mixture is not 
obstructed by the arms 120 and 122. When the engine is 
in the cold state, the carburetor 40 provides poor atom 
ization of fuel, and fuel droplets will be discharged into 
the passages 48, 50 and 52. Therefore, it is desirable that 
the carburetor should be located above the pump or the 
crankcases of the power cylinder-piston assembly so 
that such fuel droplets can flow into the pump chamber 
or the crankcases by the action of gravity. Such an 
arrangement is shown in FIG. 2. Furthermore, as seen 
in FIG. 1, it is desirable that the power assembly 100 
and the pump assembly 300 should be arranged as close 
to one another as possible. In this connection, therefore, 
it is desirable that the passages 152 and 154 should be 
arranged through the clearance left between the power 
assembly 100 and the pump assembly 300. The ports 
through which the passages 152 and 154 open individu 
ally to the crankcases 124 and 126 may be located so as 
to oppose the crank arms 120, 122 or the pistons 108, 
110, if the ports are adapted so as not to be strongly 
throttled, because the mixture supplied through the 
passages 152 and 154 is pressurized by the pump. 
An ignition plug 156 is provided at a longitudinally 

central portion of the power cylinder 102. 
In this embodiment the scavenging pump means is 

composed of the crankcases 124 and 126 of the power 
assembly and the independent pump assembly 300. The 
total stroke volume of such a scavenging pump means 
is, as mentioned above, 1.35-1.85 times as much as the 
total stroke volume of the power assembly 100. There 
fore the stroke volume of the pump assembly 300 is 
0.35-0.85 times as much as the total stroke volume of 
the power assembly. A particular ratio of the stroke 
volume of the pump assembly 300 to that of the power 
assembly within the aforementioned range is deter 
mined in the following manner. First, the rotational 
speed of the engine which most frequently occurs when 
the engine is being operated in the full throttle condition 
is estimated, and based upon this rotational speed the 
stroke volume of the pump assembly 300 is determined 
so that when scavenging mixture has just pushed ex 
haust gases out of the exhaust ports 130, the exhaust 
ports should be closed by the exhaust side piston 110. 
The mixture delivered from the pump assembly 300 is 
introduced into the crankcases 124 and 126 which per 
form pumping action so that the pressure in the crank 
cases changes as shown in FIG. 5 in accordance with 
reciprocation of the power pistons 108 and 110, wherein 
the crankcase pressure is expressed by gauge pressure. 
The mixture compressed in the crakcases is discharged 
from the scavenging ports 128 in the power cylinder 
102 at the pressure at the time point So (also see FIG. 4) 
where the scavenging ports are opened. The mixture is 
slightly throttled while it passes through the scavenging 
ports, and thereafter the mixture flows toward the ex 
haust ports 130 while forming a spiral flow, and is fi 
nally discharged from the exhaust ports. The time re 
quired for the scavenging mixture to reach the exhaust 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
ports is determined by the pressure difference between 
the scavenging mixture and the combustion gases re 
maining in the power cylinder and the spiral distance 
between the scavenging ports and the exhaust ports 
travelled by the spiral flow of the mixture, whil this 
time is not directly concerned with the rotational speed 
of the engine. Therefore, when the shape and the ar 
rangement of the scavenging ports and the exhaust 
ports are determined, the abovementioned time is deter 
mined in accordance with the pressure at So of scaveng 
ing mixture and its subsequent change. For a fixed per 
formance of crankcase compression, the scavenging 
pressure at So is increased as the stroke volume of the 
independent pump assembly 300 is increased. In this 
case if the clearance volume of the crankcase is rela 
tively large, the scavenging pressure at So is not much 
increased, while on the other hand the duration period 
of existence of relatively high scavenging pressure be 
comes longer. The volumetric efficiency of a recipro 
cating piston pump is higher as its reciprocating speed is 
lower, if the suction inertia effect of the pump is ne 
glected. Therefore, if the engine is matched so that, at a 
certain rotational speed (this is called matching speed), 
just when scavenging mixture has pushed exhaust gases 
out of the exhaust ports, the exhaust ports should be 
closed, in operation at speeds below this matching speed 
the blow-out of mixture to the exhaust manifold will 
occur, while on the other hand in operation above the 
matching speed exhaust gases will remain in the power 
cylinder. Therefore, if the engine is to generate high 
torque in high speed rotation, the stroke volume of the 
pump assembly 300 must be increased so as to increase 
the scavenging pressure. In this case, however, the 
blow-out of mixture to the exhaust manifold will in 
crease in low speed full throttle operation. When the 
exhaust pipe has substantial exhaust inertia effect, this 
also affects the time required for scavenging mixture to 
reach the exhaust ports. If the scavenging pressure is 
too high, it causes mixing up of scavenging mixture and 
exhaust gases so as to increase blow-out of mixture to 
the exhaust manifold thereby lowering scavenging effi 
ciency. In consideration of the abovementioned factors 
an estimation of pump stroke volume is made, and 
thereafter by the process of experiments the pump 
stroke volume must be modified so as to satisfy the 
requirements with regard to engine performance and to 
the standard for exhaust gas purification. As a result of 
such experimental researches, we have found that when 
the ratio of the total stroke volume of the scavenging 
pump to the total engine stroke volume is in the range of 
1.35 to 1.85, the engine of the present invention can 
satisfy the requirements with regard to engine perfor 
mance and to the standard for exhaust gas purification 
in the most desirable manner. 
The operation of the embodiment shown in FIGS. 

1-3 will be described hereinunder. When the power 
pistons 108 and 110 individually move from their bot 
tom dead center (BDC) toward their top dead center 
(TDC), the pump pistons 308 and 310 individually 
move from their TDC toward their BDC. When the 
pressure difference across the reed valve 330 overcomes 
the spring force of the reed valve, the pump 300 begins 
to draw in mixture through the reed valve. Similarly, 
when the pressure difference across the reed valves 148 
and 150 overcomes the spring force of the reed valve, 
the crankcases 125 and 126 begin to draw in mixture. 
Thereafter, when the power pistons 108 and 110 indi 
vidually move from their TDC toward their BDC, the 



4,287,859 
15 

pump pistons 308 and 310 individually move from their 
BDC toward their TDC, whereby the pressure in the 
crankcases 124 and 126 and the pressure in the pump 
cylinder 302 increase. In this connection, it is to be 
noted that even when the pump pistons 308 and 310 
have passed their BDC, the reed valves 330, 148, and 
150 are still open for a while due to the suction inertia 
effect so that suction of mixture is continued during 
such a period. As the compression by the pump 300 
proceeds, since the compression ratio of the pump is 
higher than that of the crankcases 124 and 126, the 
mixture compressed by the pump 300 soon pushes open 
the reed valve 336 so as to flow into the crankcases 124 
and 126. As the power pistons 108 and 110 approach 
their BDC, first the exhaust ports 130 open (FIG. 4), 
whereby the exhaust gases existing in the power cylin 
der 102 are discharged through the exhaust ports into 
the exhaust plenum 134, wherefrom they are exhausted 
through the exhaust pipes 136, and the pressure of the 
residual exhaust gases existing in the power piston 102 
rapidly lowers. Then, as the power pistons further pro 
ceed toward their BDC, the scavenging ports 128 are 
opened, whereby compressed mixture is discharged 
through the scavenging ports into the power cylinder 
102 and flows toward the exhaust ports 130 in the form 
of a spiral flow while pushing the residual gases existing 
in the power cylinder out of the exhaust ports. The 
scavenging pressure lowers substantially proportionally 
to the crankcase pressure shown in FIG. 5. After the 
power pistons 108 and 110 have passed their BDC, the 
flow of scavenging mixture into the power cylinder 102 
continues for a while due to the inertia effect, although 
the amount of flow of mixture by this effect is very 
small. As the power pistons 108 and 110 move toward 
their TDC, first the scavenging ports 128 are closed by 
the power piston 108 on the scavenging side, and then 
the exhaust ports 130 are closed by the power piston 110 
on the exhaust side. After this, the compression of the 
mixture is initiated. Some time before the power pistons 
reach their TDC, the compressed mixture is ignited by 
the ignition plug 156, and the mixture is combusted. 
After the power pistons have passed their TDC, com 
bustion stroke is performed and power is produced. 
Then the exhaust ports 130 are again opened so that the 
engine completes an operational cycle. The reed valves 
330, 148 and 150 are indispensable for the pump 300 and 
the crankcases 124 and 126 to perform compression 
stroke, while on the other hand the reed valve 336 is not 
necessarily indispensable. Without this, however, since 
the pump 300 enters into suction stroke after the power 
pistons 108 and 110 have passed their BDC, the pressure 
in the crankcases 124 and 126 will undesirably lower. It 
is desirable that the reed valves 148 and 150 should be 
positioned so as to be close to the wall of the crankcases 
so that the clearance volume of the crankcases is re 
duced. 

Although in the above it is described that the power 
pistons 108 and 110 and the pump pistons 308 and 310 
are shifted from each other by 180' so that when one is 
at TDC, the other is at BDC, this phase difference need 
not necessarily be 180°. In a crank-piston mechanism of 
this kind, the rate of change of piston position relative to 
the change of crank angle is very small when the piston 
is at its TDC or BDC or in their vicinities. Therefore, 
even when there exists a phase difference of the order of 
within about 15' between the pumping structure using 
crankcase compression and an independent scavenging 
pump, there occurs no serious problem of the suction 
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16 
stroke of one pumping structure disadvantageously 
interfering with the compression stroke of the other 
pumping structure. In fact, in view of the fact that the 
pressure in the crankcase considerably lowers after the 
power piston has passed its BDC, as shown in FIG. 5, it 
is contemplated that by further retarding the phase of 
the pump piston relative to that of the power piston by 
an angle within the range of about 15 in addition to a 
phase difference of 180, i.e. by retarding the phase of 
the pump piston by 180-195 from the phase of the 
power piston, the scavenging in the latter half of the 
scavenging period, i.e. after the power piston has passed 
its BDC, can be somewhat improved. 
FIG. 6 is a view similar to FIG. 1, showing a second 

embodiment of the present invention, and FIG. 7 is a 
view similar to FIG. 2 showing a section along line 
VII-VII in FIG. 6. In these figures the portions corre 
sponding to those shown in FIGS. 1 and 2 are desig 
nated by the same reference numerals. In this second 
embodiment the crankcases 124 and 126 of the power 
cylinder-piston assembly 100 are not adapted to per 
form crankcase compression of scavenging mixture. In 
this case the compression of scavenging mixture is ef 
fected only by the pump assembly 300 which, in this 
embodiment is also constructed as a pump cylinder-pis 
ton assembly having horizontally opposed pistons as in 
the first embodiment shown in FIGS. 1-3. Therefore, as 
apparent from FIG. 7 the crank arms 120 and 122 are 
not formed in the disk shape as in the first embodiment, 
and on the contrary they are so shaped as to provide an 
eccentric mass system which provides better balance of 
the crank mechanisms constructed by the pistons 108 
and 110, connecting rods 112 and 114, and crank pins 
116 and 118. In this case, therefore, the crankcases 124 
and 126 are not so shaped as closely to house disk 
shaped crank arms as in the first embodiment, because 
the crankcases may have any large clearance volume. 
The pump assembly 300 in this second embodiment 

has substantially the same structure as the pump assem 
bly in the first embodiment. However, since the second 
embodiment does not involve crankcase compression, 
the stroke volume of the pump assembly 300 in the 
second embodiment must be relatively large so as to be 
1.35-1.85 times as large as the stroke volume of the 
power assembly 100. Therefore, as shown in FIG. 6, if 
the stroke of the pump pistons is designed so as to be the 
same as the stroke of the power pistons, the inner diame 
ter of the pump cylinder 302 should be the square root 
of 1.35-1.85 times as large as the inner diameter of the 
power cylinder 102. In this case, therefore, the pump 
pistons 308 and 310 and the connecting rods 312 and 314 
become relatively large, and, because of this, in order to 
support such a relatively large moving mass system in a 
stable and well balanced condition, the crank arms 320 
and 322 are constructed so as individually to have a pair 
of crank arms. The inertia force of the moving mass 
system including the piston-crank arms can, due to the 
horizontally opposed piston structure of the pump cyl 
inder-piston assembly, be internally balanced so as not 
to give any external effect. However, a relatively heavy 
load is exerted on the bearing portion of the crankshaft. 
In view of this, it is also desirable that the crank arms 
320 and 322 should individually be constructed by a pair 
of crank arms which are positively supported on oppo 
site sides thereof. In this connection, in this second 
embodiment, the crank shafts 12 and 14 individually 
also serving, for example, as a shaft for driving auxilia 
ries of the engine and as the engine power output shaft, 
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are extended on the side of the scavenging pump, and 
on such extended portions the crankshafts 12 and 14 
individually have sprocket wheels 16 and 18 and are 
drivingly connected by an endless chain 20 so that they 
rotate in synchronization with each other in the same 
direction. The crankcases 324 and 326 of the pump 
assembly 300 are individually connected with the 
crankcases 124 and 126 of the power assembly 100 so 
that the fluctuations of the crankcase pressure due to 
reciprocation of the pistons 308 and 310 are cancelled. 
Furthermore, the crankcases 124 and 126 are connected 
to the inside of an air cleaner not shown in the figure by 
way of a positive crankcase ventilation valve also not 
shown in the figure, as described with reference to the 
first embodiment. 

In this second embodiment involving no crankcase 
compression the determination of the pump stroke vol 
ume relative to the engine stroke volume within the 
ratio of 1.35-1.85 is made in the same manner as de 
scribed with respect to the first embodiment. In this 
case, however, since the pumping system does not in 
clude such a large clearance volume as provided by the 
crankcase compression, a proper clearance volume 
must be provided by other means, because otherwise 
scavenging pressure will become so high that undesir 
able mixing of scavenging mixture and combustion 
gases will occur, thereby reducing scavenging effi 
ciency. In view of this, in this embodiment, a mixture 
tank 22 is provided between the pump assembly and the 
power assembly so that the mixture delivered from the 
outlet port 332 of the pump is once introduced into the 
mixture tank through a passage 334, and the mixture is 
then delivered from the mixture tank to the scavenging 
ports 128 through a passage 153. By giving a proper 
volume to the mixture tank 22 the scavenging pressure 
is properly adjusted. Alternatively, instead of providing 
a mixture tank such as 22, the necessary clearance vol 
ume in the pump system is obtained by properly enlarg 
ing the head clearance between the pump pistons 308 
and 310. 
The pressure in the mixture tank 22 changes as shown 

in the indicator diagram of FIG. 8 in accordance with 
reciprocation of the power pistons 108 and 110. That is, 
the pressure of the mixture does not lower so far after 
the power pistons 108 and 110 have passed their BDC as 
in the case involving crankcase compression. Therefore 
the scavenging efficiency is improved when crankcase 
compression is not involved. Since the reed valve 336 
cannot be completely closed, the pressure in the tank 22 
is somewhat lowered by the effect of the pump 300, 
while it is performing the suction stroke. As in the first 
embodiment, in this second embodiment the stroke vol 
ume of the pump assembly 300 and the volume of the 
tank 22 are determined so that at the matching speed at 
full throttle opening the exhaust ports 130 are closed 
just when scavenging mixture has pushed combustion 
gases out of them, and thereafter in accordance with the 
process of experiments employing a test engine the 
stroke volume of the pump is modified so as to satisfy 
the requirement with regard to engine performance and 
to the standard for exhaust gas purification. With regard 
to this second embodiment, it has been confirmed that 
the aforementioned condition that the total stroke vol 
ume of the scavenging pump is 1.35-1.85 times as large 
as the total stroke volume of the power assembly can 
provide a two-stroke cycle gasoline engine which satis 
fies the aforementioned requirements. 
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In this second embodiment the phase of the pump 
pistons 308 and 310 may be shifted from that of the 
power pistons 108 and 110 respectively by a phase dif 
ference which is larger than 180' within the range of 
about 15, and by such a retardation scavenging perfor 
mance in the latter half of the scavenging period can be 
improved. 
FIG. 9 is a view similar to FIG. 1 or 6, showing a 

third embodiment of the present invention, and FIG. 10 
is a sectional view along line X-X in FIG. 9. In FIGS. 
9 and 10 the portions corresponding to those shown in 
FIGS. 1, 2, 6, and 7 are designated by the same refer 
ence numerals. In this third embodiment, in addition to 
the power cylinder-piston assembly 100 of the two 
stroke cycle uniflow scavenging horizontally opposed 
piston type is incorporated a second power cylinder-pis 
ton assembly 200 having substantially the same struc 
ture as the first power cylinder-piston assembly 100. In 
FIG. 9, therefore, the portions of the second power 
cylinder-piston assembly 200 corresponding to those of 
the first power cylinder-piston assembly 100 are desig 
nated by reference numerals which are the reference 
numerals attached to the corresponding portions of the 
first cylinder-piston assembly 100 each increased by 
100. As apparent from FIG. 9, the power pistons 108 
and 110 of the first power cylinder-piston assembly 100 
and the power pistons 208 and 210 of the second power 
cylinder-piston assembly 200 are individually shifted by 
a phase difference of 180. 

Further, as apparent from FIG. 9, also in this third 
embodiment the crankcases 124, 126 and 224, 226 of the 
power cylinder-piston assemblies 100 and 200 are not 
used for crankcase compression. In this case, if the scav 
enging in the two power cylinder-piston assemblies is to 
be done by a signal action pump cylinder-piston assem 
bly having two horizontally opposed pistons and having 
a piston stroke comparable with that of the power pis 
tons from the viewpoint of obtaining the overall dimen 
sional harmony of the engine (in this case the power 
cylinder-piston assemblies 100 and 200 must operate 
with the same phase), the diameter of the pump cylinder 
will become very large, and in this regard dimensional 
harmony between the pump assembly and the power 
assemblies will not be attained. On the contrary, if the 
diameter of the cylinder of such a single acting pump 
cylinder-piston assembly is to be maintained in such a 
value as to be comparable with the diameter of the 
power cylinder, the stroke of the pump pistons will 
become very large so that in this case the crank mecha 
nism of the pump will be incompatible with the crank 
mechanism of the power assembly. Furthermore, in this 
case the swing angle of the connecting rod in the pump 
assembly will become too large to construct a practical 
pump assembly. These problems will be avoided if two 
single acting pump cylinder-piston assemblies having 
horizontally opposed pistons are employed as arranged 
side by side as the first and second power cylinder-pis 
ton assemblies. In this case, however, the length of the 
engine, i.e. the dimension along the crankshafts, will 
become relatively large, and this reduces the merit of 
compactness of the engine. 

In view of these problems, in this third embodiment 
the scavenging pump means, which must supply a rela 
tively large amount of scavenging mixture in accor 
dance with the present invention to the two power 
cylinder-piston assemblies of the two-stroke cycle uni 
flowe scavenging opposed piston type without involv 
ing crankcase compression, is constructed as a double 
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acting pump cylinder-piston assembly 400 having two 
horizontally opposed pistons. The pump assembly 400 
has a pump cylinder 402 supported by the cylinder 
block 10 and surrounded by a cooling jacket 406 de 
fined by a jacket wall 404. In the pump cylinder 402 are 
opposedly provided a pair of disk-like pump pistons 408 
and 410 which are individually connected with push 
rods 412 and 414 which individually extend through 
openings 420 and 422 formed in end plates 416 and 418 
which close opposite ends of the pump cylinder 402. 
The openings 420 and 422 are individually constructed 
as bearing openings which slidably and sealingly re 
ceive the push rods 412 and 414, respectively. By this 
arrangement the inside of the pump cylinder 402 is 
divided into three pump chambers 424, 426, and 428. 
The other end of the push rods 412 and 422 are, as better 
shown in FIG. 10, individually connected with O-mem 
bers 430 and 432. As shown in FIG. 10 with respect to 
the connection between the push rod 412 and the O 
member 430, the end of the push rod 412 is formed with 
a threaded portion 436 which is screwed into a corre 
spondingly threaded opening 434 formed in the O-mem 
ber 430, and the screw engagement is fixed by a pin 438. 
The O-members 430 and 432 individually have grooves 
440 and 442 in which are individually engaged crank 
pins 444 and 446 which are individually supported by 
crank arms 448 and 450, each being constructed as a 
pair of crank arms. Crank cases 452 and 454 housing 
individually the crank mechanisms constructed by the 
aforementioned crank arms, etc. are connected with the 
crankcases 124, 224, and 126, 226 of the power assem 
blies 100 and 200, and furthermore these crankcases are 
connected with the inside of an air cleaner not shown in 
the figure by way of a positive crankcase ventilation 
valve also not shown in the figure so as to control pres 
sure fluctuation in the crankcases. 
The outlet of the carburetor 40 is connected with 

ports 456, 458, and 460 individually opening to the 
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pump chambers 424, 426 and 428 by way of passages 60, - 
62, and 64, respectively. In these passages are individu 
ally provided reed valves 66, 68, and 70. The ports 458 
and 460 are individually so positioned that they posi 
tively open individually to the pump chambers 426 and 
428 without interfering with the pistons 408 and 410 
even when these pistons have come to their BDC. The 
pump chamber 424 is connected with a mixture tank 22 
by way of an outlet port 462 and a passage 72 so as to 
supply scavenging mixture to the first power cylinder 
piston assembly 100 by way of the mixture tank. In the 
outlet port 462 is provided a reed valve 464. On the 
other hand, the pump chambers 426 and 428 are con 
nected with a second mixture tank 24 by way of outlet 
ports 466 and 468 and passages 74 and 76, respectively, 
so as to supply scavenging mixture further through a 
passage 253 to the scavenging plenum 232 of the second 
power cylinder-piston assembly 200. In the ports 466 
and 468 are individually provided reed valves 470 and 
472. 
The section taken along line VII-VII in FIG. 9 

presents a view similar to that shown in FIG. 7. In this 
case, however, the reference numerals attached in FIG. 
7 must be modified so that the first figure in each refer 
ence numeral is changed from "1" to "2'. Since in this 
third embodiment crankcase compression is not in 
volved either, the pressure in the mixture tanks 22 and 
24 will change in the same manner as shown in FIG. 8 
in accordance with reciprocating movement of the 
power pistons 108, 110 and 208, 210. 
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The ratio of the pumping stroke volume of the pump 

ing chamber 424 to the stroke volume of the power 
cylinder-piston assembly 100 and the ratio of the sum of 
the pumping stroke volumes of the pumping chambers 
426 and 428 to the stroke volume of the power cylinder 
piston assembly 200 should be individually determined 
in the same manner as in the second embodiment. Also 
in this case it is possible to obtain an engine which satis 
fies the requirements with regard to engine perfor 
mance and to the standard for exhaust gas purification 
in the desirable manner by limiting the ratio within the 
range of 1.35-1.85. 
As the factors for determining the scavenging pres 

sure in the period So-BDC-Sc in FIG. 8, not only the 
pump stroke volume and the volumes of tanks 22 and 24 
but also the clearance volumes of pump chambers 424, 
426 and 428, the volumes of passages 60, 62, 64, 72, 153, 
74, 76, and 253 and the volumes of scavenging plenums 
132 and 232 must be taken into consideration. In this 
connection, although it is desirable that the clearance 
volumes of the pump chambers 426 and 428 should be as 
small as possible, if it is so designed, the push rods 412 
and 414 will be supported only like a cantilever when 
the pistons 408 and 410 are in their BDC and the struc 
tural stability and durability of the push rods and the 
related mechanisms will deteriorate. Such a problem 
can be obviated, if, for example, the end plates 416 and 
418 are thickened or formed like a box so as to reduce 
the clearance volumes of the pump chambers 426 and 
428. By taking this matter into consideration, in the 
shown embodiment, the pump chambers 426 and 428 
are connected with the tank 24 by way of relatively 
short passages 74 and 76, while on the other hand the 
pump chamber 424 is connected with the tank 22 by 
way of a relatively long passage 72. 

In the pump assembly 400 the reciprocating inertial 
force is relatively larger than the rotary inertia force. 
However, the reciprocating inertia force is internally 
cancelled and does not give any external effect. How 
ever, since the reciprocating inertia force is exerted to 
the bearing means, the crank arms are individually con 
structed as a pair of crank arms which support a crank 
pin therebetween and are supported by bearing means 
on opposite sides thereof. 

Also in this third embodiment the operational phases 
of the individual pump chambers need not be shifted 
from the operational phases of the first and second 
power cylinder-piston assemblies 100 and 200 by an 
exact angle of 180°. Also in this case the operational 
phase of the pump may be shifted from that of the pump 
means by more than 180' up to approximately 195, 
whereby scavenging performance in the latter halfpor 
tion of the scavenging period can be improved. 

FIG. 11 is a view similar to FIG. 1, showing a fourth 
embodiment of the present invention. In FIG. 11, the 
portions corresponding to those shown in FIG. 1 are 
designated by the same reference numerals as in FIG. 1. 
Furthermore, the sections taken along lines II-II and 
III-III in FIG. 11 are the same views as in FIGS. 2 and 
3, respectively. This fourth embodiment is different 
from the first embodiment shown in FIG. 1 with respect 
to the method and the structure for suction and delivery 
of mixture of the scavenging pump assembly 300, 
which, in this assembly, is also a pump cylinder-piston 

65 assembly of the horizontally opposed piston type. As 
apparent from comparison of FIGS. 1 and 11, the 
power cylinder-piston assembly 100 and the pump cyl 
inder-piston assembly 300 are not different between 
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these two embodiments with regard to their own struc 
tureS. 

In the first embodiment shown in FIG. 1, the pump 
assembly 300 takes in mixture, in its suction stroke, from 
the carburetor 40 through the passage 48 including the 
reed valve 330, and the flow of mixture discharged from 
the pump assembly 300 in its compression stroke pushes 
the reed valve 336 open and flows through the passages 
334, 152 and 154 toward the crankcases 124 and 126. By 
contrast, in the fourth embodiment shown in FIG. 4, the 
passage 48 for directly supplying mixture from the car 
buretor 40 to the pump assembly 300 and the reed valve 
336 in the passage 334 are eliminated. In this embodi 
ment, therefore, the pump assembly 300 takes in mix 
ture, in its suction stroke, from the crankcases 124 and 
126, through the passages 334, 152 and 154, and it dis 
charges mixture, in its compression stroke, so as to push 
it back through the same passage. This fourth embodi 
ment has some advantages and disadvantages when 
compared with the first embodiment shown in FIG. 1. 
In the first embodiment the pump assembly 300 draws 
in mixture, in its suction stroke, through a relatively 
short passage such as 48, while on the other hand in the 
fourth embodiment the pump assembly 300 has to draw 
in mixture, in its suction stroke, through a relatively 
long passage composed of passages 50, 52, crankcases 
124, 126, passages 152, 154 and passage 334, whereby 
the flow resistance is high and the volumetric efficiency 
of the pump is lowered. On the other hand, however, in 
the compression and the delivery strokes of the pump 
assembly 300, in the first embodiment the mixture must 
flow through the reed valve 336, which involves a cer 
tain flow resistance which will cause a certain pressure 
loss of the mixture, while in the fourth embodiment 
such a reed valve is eliminated thereby causing no such 
pressure loss. Furthermore, in actual structure a reed 
valve includes a relatively large clearance volume, and, 
in addition, when the reed valve 336 is provided in the 
passage 334, this passage cannot actually be so short as 
diagrammatically shown in FIG. 1, whereby the clear 
ance volume involved in the portion of the passage 334 
will actually be substantially large. There are no such 
problems in the embodiment shown in FIG. 11. Fur 
thermore, with respect to the piping structure at the 
outlet of the carburetor 40, the fourth embodiment has 
the advantage over the first embodiment in that it is 
much simpler. However, in spite of these advantages 
and disadvantages, it will be apparent that the fourth 
embodiment shown in FIG. 11 has substantially the 
same performance as the first embodiment shown in 
FIG. 1, and that this fourth embodiment can be de 
signed in the same manner as explained with respect to 
the first embodiment. 

Also in this embodiment the operational phases of the 
pump pistons 308 and 30 of the pump assembly 300 
need not be shifted from those of the power pistons 108 
and 110 of the power assembly 100 by an angle of ex 
actly 180°. In this case also the phase difference may be 
in the range of 180° to approximately 195° so that the 
scavenging performance in the latter halfportion of the 
scavenging period is further improved. 
FIG. 12 is a view similar to FIG. 1, showing a fifth 

embodiment of the present invention. In this embodi 
ment the pump assembly 300 is constructed as a single 
piston reciprocating type pump cylinder-piston assem 
bly. As apparent from FIG. 12 the engine herein shown 
has the structure in which the right halfportion of the 
pump assembly 300 in the first embodiment shown in 
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FIG. 1, i.e. substantially a half of the pump cylinder 302, 
piston 310, connecting rod 314, crankpin 318 and crank 
arm 322, have been deleted. In FIG. 12 the portions 
corresponding to those shown in FIG. 1 are designated 
by the same reference numerals, and these correspond 
ing portions operate in the same manner in both embodi 
ments. When such a single piston pump assembly is 
employed, there are disadvantages with regard to the 
dimensions of the pump piston relative to the power 
piston and dynamic balance of the pump assembly when 
compared with a pump assembly of the horizontally 
opposed piston type, as explained hereinabove. How 
ever, in this case the manufacturing cost is reduced, and 
when the engine is small sized the balance and dimen 
sional disadvantages can be sufficiently compensated 
for by the cost advantage. 

Since the structure and operation of other portions of 
the embodiment shown in FIG. 12 are substantially the 
same as those of the embodiment shown in FIG. 1, 
detailed description for those will be omitted in order to 
avoid duplication. 
Although the invention has been shown and de 

scribed with respect to some preferred embodiments 
thereof, it should be understood by those skilled in the 
art that various changes and omissions of the form and 
detail thereof may be made therein without departing 
from the scope of the invention. 
We claim: 
1. A two-stroke cycle gasoline engine, comprising: 
(a) at least one two-stroke cycle power cylinder-pis 

ton assembly incorporating uniflow scavenging 
and two horizontally opposed pistons; 

(b) a pair of crankcases and crank mechanisms housed 
in said crankcases operatively associated with said 
power cylinder-piston assembly; 

(c) a scavenging pump means including: 
(1) at least one pump cylinder-piston assembly of 

the reciprocating type driven by said power 
cylinder-piston assembly in synchronization 
therewith; and 

(2) reciprocating piston pump structures including 
said crankcases and crank mechanisms; 

(d) a carburetor; 
(e) first passage means for supplying fuel-air mixture 
from said carburetor individually to said pump 
cylinder-piston assembly and to said pair of crank 
cases; 

(f) second passage means for supplying fuel-air mix 
ture from said pump cylinder-piston assembly to 
said pair of crankcases; and 

(g) third passage means for supplying fuel-air mixture 
from said pair of crankcases to said power cylin 
der-piston assembly, 

wherein the total stroke volume of said scavenging 
pump means is between 1.35 and 1.85 times as large as 
that of said power cylinder-piston assembly, and the 
operational phase of said pump cylinder-piston assem 
bly is so shifted relative to that of the power cylinder 
piston assembly to which it supplies scavenging mix 
ture, that when the power cylinder piston assembly is at 
its bottom dead center the pump cylinder-piston assem 
bly is in a range between its top dead center and a phase 
point which is slightly before the top dead center. 

2. The engine of claim 1 wherein said two-stroke 
cycle power cylinder-piston assembly includes a power 
cylinder in which said pistons are disposed, said power 
cylinder having scavenging ports proximate one axial 
end thereof and exhaust ports proximate the other axial 
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end thereof so as to perform uniflow scavenging, said 
scavenging ports being arranged substantially symmet 
rically around the central axis of said power cylinder so 
as to generate a substantially uniform, cylindrical, spiral 
flow of scavenging mixture through said power cylin 
der, and wherein said scavenging ports and exhaust 
ports are so arranged in said power cylinder that said 
exhaust ports opened before said scavenging ports are 
opened and said exhaust ports and closed after said 
scavenging ports have been closed. 

3. The engine of claim 1, wherein said pump cylinder 
piston assembly of the reciprocating type has two hori 
zontally opposed pistons. 

4. The engine of claim 1, wherein said pump cylinder 
piston assembly of the reciprocating type has a single 
pump piston. 
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5. The engine of any one of the claims 3, 4, or 1, 

wherein the retardation of the operational phase of said 
pump cylinder-piston assembly relative to that of said 
power cylinder-piston assembly is between 180' and 
195 by crank angle. 

6. The engine of any one of the claims 3, 4, or 1, 
wherein said power cylinder-piston assembly and said 
pump cylinder-piston assembly are horizontally ar 
ranged side by side and have a pair of common crank 
shafts arranged along opposite ends of the assemblies. 

7. The engine of claim 6, further comprising a pair of 
sprocket wheels individually mounted on said pair of 
crankshafts and an endless chain engaged around said 
pair of sprocket wheels so that said pair of crankshafts 
are drivingly connected with each other so as to rotate 
in the same direction in synchronization with each 
other. 
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